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Highlights 
 Price trends and volatility scenarios of the forest sector were analyzed. 
 The GLOBIOM and mGARCH were the analysis tools. 
 Prices trend upward in general. 
 Conditional correlation between oil and woody biomass for energy were positive. 
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1. Introduction 
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2. Methods 
2.1 Biomass scenarios 
ć ć
AC
CE
PT
ED
 M
AN
US
CR
IP
T
ACCEPTED MANUSCRIPT
6 
 
2.1.1 Business as usual scenario 
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2.1.2 High biomass usage scenario 
 
AC
CE
PT
ED
 M
AN
US
CR
IP
T
ACCEPTED MANUSCRIPT
8 
 
2.1.3 No growth scenario 
  
Table 1  
 Global land-use scenario 
GDP (1000 
$/cap) 
Business as usual and high biomass usage No growth 
2010 2020 2030 2010 2020 2030 
World 9.29 11.80 14.44 9.29 9.75 10.25 
China 6.44 10.53 14.94 6.44 8.87 10.88 
Canada 35.23 42.83 50.44 35.23 35.16 35.40 
AC
CE
PT
ED
 M
AN
US
CR
IP
T
ACCEPTED MANUSCRIPT
9 
 
2.2 Price volatility  
2.2.1 Model 
εt =
𝑃𝑡
𝑃𝑡−1 
 − 1  =  √Ηt ∙ vt
εt 𝑡  𝑃𝑡 vt 
vt~𝑖𝑖𝑑(0,1) Ηt Ηt 
Ηt = ∁
′∁ +  Α′𝜀𝑡−1 𝜀′𝑡−1Α +  Β′Η𝑡−1Β
∁ Α Β
Ηt 
α
Ηt
εt−1
Ηt−1
Α′εt−1 ε′t−1Α
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Β′Ηt−1Β
2.2.2 Data  
3. Results and discussion 
3.1. Biomass scenarios 
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Table 2 Price trends under three projected scenarios 
Products 
Business as usual High biomass usage No growth 
2015 2020 2030 2015 2020 2030 2015 2020 2030 
Oil  
(USD/barrel)a 
$91.84 $108.10 $123.09 $102.27 $134.04 $167.02 $91.17 $106.53 $119.97 
Natural gas  
(USD /mill btu)a $9.71 $10.62 $12.08 $10.12 $10.13 $14.12 $8.91 $8.66 $9.68 
Heating oil  
(USD /gal)a $2.58 $2.97 $3.32 $3.78 $4.77 $5.21 $2.52 $2.88 $3.16 
Woody biomass 
(USD /GJ)b $6.91 $8.15 $7.38 $7.40 $8.08 $8.97 $6.91 $8.15 $7.40 
Sawnwood 
(USD /m3)b $98.57 $102.88 $105.66 $102.70 $106.57 $112.40 $97.05 $99.74 $99.79 
Pulp 
(USD /odt)b $79.61 $81.79 $77.49 $77.84 $76.00 $78.11 $79.21 $76.71 $73.87 
a: US Annual Energy Outlook (US Energy Information Administration, 2010);  
b: GLOBIOM 
3.1. Price volatility 
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Figure 1 Historical (1995-2014) trends of quarterly prices for forest biomass and energy based markets. Y-axis is the real price 
(USD in 2010) divided by the mean. Data source: Pink Sheet and FAOSTAT (2015). 
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Figure 2 Historical (1995-2014) price volatility for energy based (top graph) and woody biomass (bottom graph) markets. Y-
axis is the percent change in price. 
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Figure 3 Conditional correlations. Panel A is the correlation between oil and natural gas. Panel B is the correlation between 
oil and woody biomass 
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Table 3 Descriptive statistics of long-term (1995-2014) price volatility.  
σ
 
 
Table 4 Long term (1995-2014) unconditional correlations of price volatility.  
Note: *significant when α=0.1; **significant when α=0.05; *** significant when α=0.01 
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Table 5a. Estimated C matrix for mGARCH(1,1) model 
Table 5b. Estimated A matrix for mGARCH(1,1) model 
Table 5c. Estimated B matrix for mGARCH(1,1) model 
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3.2. Case study: a district heating system investment 
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γt =  μt + μt−1 ε̂t
γ μ
ε̂
 
Table 6: Average and standard deviation (in paranthesis) heat generation cost (2015 USD/MWh) based on fuel costs 
projections using: a) 30 simulation runs of the price trends, b) constant inflation at 2% annually over 16 years service life of 
the systems for the 3 biomass usage scenarios. Highlighted option is the least cost. Rankings hold at 95% confidence interval. 
Natural gas Biomass Heating oil Natural gas Biomass Heating oil 
Business as usual
High biomass usage
No growth 
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4. Conclusions 
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